hibition by chlorate of NR activity in higher plants has never been clarified. The use of a purified NRis important for a conclusive result. The present investigations were performed to determine the mechanismof inhibition by chlorate of spinach NRactivity with a highly purified NR. NRwas extracted from 1.5 kg of spinach leaves with 2.5 liters of 250him potassium phosphate buffer, pH 8.0, containing 1 mM 2-mercaptoethanol (2-ME), 1 him EDTA, 5 mMKNO3and 20fiM FAD, followed by centrifugation for 30min at 10,000 xg to yield a supernatant that was designated as the crude extract (fraction 1). Solid ammoniumsulfate was added to fraction 1 to 30%saturation.
After 15min, the mixture was centrifuged for 30min at 10,000 x g. Additional solid ammonium sulfate was added to bring the supernatant to 50%saturation. After standing for 15min, the mixture was centrifuged for 30min. The precipitate was dissolved in and then dialyzed against 250mMpotassium phosphate buffer containing 1 mM2-ME, 1 mMEDTA, 5mMKN03 and 20/iM FAD (buffer I). The resulting dialyzate was called fraction 2. The phosphate concentration offraction 2 was reduced to 75 mMby dilution with water containing 1 mM2-ME, 1 mMEDTA, 5him KNO3 and 20/ai FAD (buffer II). The diluted solution was mixed with 300ml of a hydroxyapatitebrushite mixture (1 : 5, v/v). The mixture was stirred for lOmin, and then poured into 2 columns (5.5x 10cm). After washing the columns with buffer II, NRwas eluted from the columns with buffer I. Peak fractions showing high NR activity were combined (fraction 3). Fraction 3 was precipitated with ammonium sulfate (60%) and then dialyzed against buffer I. The phosphate concentration was reduced to 75 mMand then the solution was applied to a blue Sepharose CL-6B column (2.5 x 40 cm) equilibrated with buffer II and the bed column having been washed with the same buffer. NRwas eluted with a 400ml linear gradient of 5 to 500mMKNO3in buffer I. The peak fractions were pooled and concentrated to about 2 ml with a Millipore immersible CX-10 membrane (fraction 4).
Fraction 4 was applied to a Toyopearl HW-55F gel column (1.8 x 92 cm) previously equilibrated with buffer I, and then NR was eluted with the same buffer. The
fractions showing the highest specific activity were pooled and then concentrated. About 1 100-fold purification was achieved with a recovery of 9% by the method described above. The specific activity of the purified NRthus obtained was 54 units per mgprotein. One unit of NR activity catalyzes the production of one /rniol of nitrite per min under the conditions specified.
Polyacrylamide gel electrophoresis at pH 8.3 of the purified NR revealed the presence of one major band showing a positive reaction as to reduced methylviologen-linked NRactivity.8) NADH-NR activity was measured in an assay system comprising 25/miol of potassium phosphate (pH 7.5), 20/miol of KNO3, 100/miol of NADHand enzyme in a final volume of 1.0ml. The reaction was started by adding NADH, and, after 15min at 30°C, the reaction was terminated by adding 1 ml ofa 1.5 n HC1solution containing 1% sulfanilamide followed by 1 ml of 0.02% aqueous A^-1 -naphtylethylenediamine-dihydrochloride.
The nitrite concentration was calculated from a standard curve. The standard mixture contained all the reaction mixture components except for the enzyme. Chlorate reducing activity was measured in an assay system comprising 50/miol of potassium phosphate (pH 7.5), various amounts of sodium (Fig. 1) . A Km value of 4mMfor chlorate was calculated from the data. This value is close to the previously published values of 3mM6) and 4mM2) for crude NRs isolated from spinach leaves and tomato fruit, respectively. Algal3>5) and fungal4) NRs have Km values for chlorate of 1.0 to 1.2 him and 0.1 mM,respectively. The Km value for chlorate of higher plant NRs seems to be higher than that for algal and fungal NRs. Then whether or not two substrates, nitrate and chlorate, competefor the same active site was investigated. Competitive inhibition is mostly detected by means of Lineweaver-Burk plots, i.e., plots of l/v versus l/S at varying concentrations of inhibitors. The presence of 5 mM chlorate caused inhibition of NRactivity which could be reversed by increasing the concentration of nitrate (Fig. 2) . The Ki value, 3.3mM, obtained for spinach NR is slightly higher than that of 1.5 mM5)for the Chlorella NR. These results obtained with highly purified spinach NR support the hypothesis that chlorate is a substrate of of nitrate but also for the enzymatic reduction of nitrate.
